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INTRODUCTION

The program described in this report is an extension of
Contract NAS8-2L459 initiated by the George C. Marshall Space
Flight Center of the National Aeronautics and Space Adminis-
tration on 15 November 1963. Modification 12 to the contract
covered the fabrication and delivery of a quantity of four
altitude measuring equipments designated Ryan Model 520 for
use in a SATURN vehicle. A previous final engineering re-
port, Ryan Report No. 52067-1, covered the contract period
from August 1961 through September 1963. Since all of the
basic design information was included in the previous report,

this report will include prograsm activities and technical

details concerning the equipment since incorporation of

Modification 12 to the contract.

Modification 12 to the dontract required the delivery of
four additional Radar Altimeters identical to those delivered
under the original contract except for the following modifi-

cations:

1.1.1 The timer sub-assembly must provide an elapsed time
interval counter with a capacity of 16 bits snd a

time resolution of 1/36 of a second.

1.1.2 Provide &an external reset capability in the elapsed
time interval accumulator. The reset signal is
supplied from external vehicle networks and is a
level change from 28 volts DC to ground through
relay contacts. After reset, the input remains at

ground level.

1.1.3 The above changes to be accomplished in accordance
with the requirements of Marshall Space Flight Center

drawings.
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1.1.4 Appendix A of the contract entitled specifications
was amended to: (a) Add MSFC-STD-154, Printed Circuit
Design and Construction, Standards for; (b) add
MSFC-STD-158B, Soldering Electrical Components for
Space Vehicles, Procedure for (delete sub-paragraph
2, Page 12 "Filtration"); (c) delete MSFC-PROC-257
and substitute therefore MSFC-PROC-293.

During the time Ryan was fabricating the four Altimeters,

MSFC representatives determined that additional sensitivity
would be required and that the transmitter must be isolated
from the antenna. During a conference on 4 June 1964 it was
agreed that modifications to the range tracker assembly and
ﬁhe RF subassembly must be made on Altimeters serial numbered
10 through 13. The modification to the RF subassembly was to
provide sufficient isolation between the antenna and the
transmitter to maintain transmitter frequency within *0.5 mhz
with VSWR changes up to three. The modifications to the range
tracker subassembly were to provide the capability of acquir-
ing and tracking a -93 dbm signal within 18 seconds while the
vehicle travels at a vertical velocity of two kilometers per
second. Ryan conducted extensive investigations to determine
the optimum method of isolating the transmitter from the
antenna. Detailed requirements for an RF receiver and isolator
were provided in the form of a specification and the units

procured from a qualified vendor.

TECHNICAL APPROACH

This paragraph describes the technical approach followed in
meeting the requirements of Modification 12 +to the Contract.
In addition, this paragraph discusses the technical approach
followed to improve the sensitivity of the Altimeter and to
provide the required isolation between the transmitter and
the antenna. Modifications were required in the modulator,
range tracker, timer, TF amplifier and RF receiver portions

of the Radar Altimeter.
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Timer Modification. Modification 12 of Contract NAS8-2459

required that the timer subassembly be modified to provide an
elapsed time interval counter with a capacity of 16 bits and
a time resolution of 1/36 of a second. Since this modifica-
tion had previously been incorporated by MSFC, the drawings
covering this change were available from MSFC. The timer
subassembly was procured from Brown Engineering Company who
had produced previous models of the new timer. In addition
to incorporating an elapsed time counter with a capacity of
16 bits, an external reset capability was also provided. The
reset signal consists of a 20 volt DC signal which holds the
counter in an OFF position. Upon removal of the 20 volt DC
signal and upon applying a ground the counter is activated.
As a result of the sbove modification the following changes

were required in the Altimeter.

2.1.1 The front panel of the Altimeter was modified to
accommodate a larger connector. The new connector
is a Bendix Pygmy PTOT7C-22-55S5 and is used in

position J-3.

2.1.2 8ix wires were added to the connecting cable between

the timer subassembly and J-3.

2.1.3 Since the timer subassembly was completely modified,
changes were required in the specification and test

procedure.

2.1.4 The modified Altimeters built under this program are
identified by part no. 501019-G2.

2.1.5 A new nameplate was required because of the changed

part number.

2.1.6 Test equipment was modified to accept the additional

elapsed time outputs and to provide a reset signal.
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Range Tracker Modifications. As part of the program to

increase the sensitivity of the Altimeter the range tracker
subassembly was extensively modified. The modifications to
the range tracker provide the capability of acquiring at
least a -93 dbm signal within 18 seconds while the vehicle
travels at a velocity of two kilometers per second. Actual
tests have shown that modifications resulted in the Altimeter
acquiring up to a -96 dbm signal and'continued to track a -99
dbm signal. The following modifications have been incorpor-

ated in the range trackers:

2.2.1 Error Detector Board
(1) The bandwidth of the video amplifier was

reduced to enhance the signal to noise ratio.
This was accomplished by the addition of L102
(680 microhenries) in place of CR101 and
associated bias resistor R115. In addition,
the value of R116 was changed to 22.1K.

(2) The gain of the video amplifier was increased

by changing the value of R120 to 5.62K.

(3) The input network was modified to provide
fixed differentiation and greater drive to the
video amplifier. This was accomplished by
increasing the value of €103 (220 micromicro-
farads), reducing the value of G141 (.001
microfarads), increasing the value of R105
(270 ohms) and 1101 (68 microhenries). High
amplitude signals are limited by the addition
of CR130 (1N3064) between terminals three and
four with the anode of the diode at terminal
three. Additional noise filtering is achieved

by increasing the value of €142 (.01 microfarads).

(4) Tiltering of the +20 volt DC supply was improved
by deleting R101 and R102 and replacing them

with a jumper wire.




RYAN ELECTRONICS

(5)

Report No. 52067-2

The operation of the zero adjust generator
was improved by increasing the value of R173
(5.6K) and R1T4 (68K) and decreasing R1T9
(8.25K). The value of C1l0l was increased to
22 microfarads and the value of Cl29 was

decreased to 100 micromicrofarads.

2.2.2 Filter Board. The bandwidth of the DC amplifier

was decreased to a range of zero to 18 cycles per

second by deleting C304 and RSIO and increasing the
value of R308 to 3.3 megohms. R310 was replaced by

a Jumper wire. These changes allow the tracker to

acquire a -93 dbm signal in 18 seconds (nominal) when

traveling at a two kilometer per second rate.

2.2.3 Automatic Gain Control Board.

(1)

(2)

(3)

(1)

The temperature sensitive components, RT502

and RT503, were deleted.

The relay drive circuit was desensitized to
avoid ambiguous acquisitions because of
increased sensitivity in the video amplifier.
This was accomplished by decreasing the value
of R515 (33K) and increasing the value of
R516 (4.7K).

The impedance to the pulse differential ampli-
fier was increased by increasing the valuve of

R524 (698 ohms) .

The input to the relay was modified to allow
greater integration. This was accomplished

by adding €515 (4.7 microfarads) from terminal
9 to ES503.

The performance of the noise AGC circuit was
improved by increasing R546 (1K) and R550
(11.8K) and decreasing R549 (82K) and R543
(56K) .
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(6) The operation of the fixed AGC circuit was
improved by the addition of filtering
capacitor €514 (8.2 microfarads) from the
Jjunction of R553 and R554 to ground.

Investigation of Transmitter Isolation. MSFC representatives

stated that one major problem existed which jeopardized the

use of the Radar Altimeter. It was determined that the antenna
load VSWR varied from approximately 1.5 to 3 when the SATURN
gantry was in place. The variation in VSWR caused wide fre-
quency variations in the transmitter. The wide variations

in frequency made it impossible to calibrate the Altimeter
prior to flight. Ryan instigated investigations to determine
if suitable isolation could be provided to eliminate fre-
quency variations. Consequently a three port circulator wss
procured and isolation vs. frequency tests begun. The test

setup is shown in Figure 2-1.

Isolation from port #2 to port #1 was 26 db. The VSWR at
port #3 varied from 1.15 with the IO on to 3 with the 10 off.
The VSWR and phase of the load was varied from 1.1 to 4 and
the phase was shifted a total of 180 degrees. The following

data was obtained in this test:

FREQUENCY
MIN. MAX.

VSWR POWER (with phase change) AFREQ.
1.25 Peaked 1604k mhz 1609 mhz 5 mhz
2.0 " 1601 1613 12
3.0 @ 1595 1617.5 £2.5
1.25 Undercoupled 1608.5 1612 3.5
2.0 B 1605 1616 11
3.0 . 1603 1619.5 16.5
L.o " 1602.5 1621.5 19
1.25 Overcoupled 1606 1611 5
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Trans- Freq.
mitter Meter
1
Line Double
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Circulator Stet ooy S%Eger
3
Limiter Mixer: L.O.
SINGLE CIRCULATOR TEST SETUP
Figure 2-1
Trans- Freq.
mitter Meter
1
Line Double
i j Load
Circulator Stretcher S%%ger
3
1
Circulator Limiter Mixer L.O.
6
Load

DOUBLE CIRCULATOR

Figure 2-2
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Since the frequency varied over 20 mhz during the above test,
a second three port circulator was procured so that even greater
isolation could be provided. The two three port circulators

were included in the system as shown in Figure 2-2.

With the VSWR set at 1.12 the system noise figure was mea-
sured at 7.8 db. The VSWR was then changed from 1.12 up to

3 and at each setting the phase was changed a full 180 degrees.
The following data was obtained during this test:

FREQUENCY
MIN. MAX.
VSWR (with phase change) FREQ.
1.12 oW g
2.0 1607.8 mhz 1609.4 mhz 1.6 mhz
3.0 1607.5 1609.5 2.0

The above results showed a great improvement over the previous
use of a single three port circulator. It was determined that
one of the three port circulators did not have sufficient iso-
lation at the frequencies being used. From the results of
the above tests it was determined that a four port circulator
would be required. Specifications were written outlining the
requirements for a receiver which would include a circulator-
limiter, local oscillator and signal mixer which would provide
sufficient isolation to maintain transmitter frequency within
+0.5 mhz with load VSWR variations up to 3.0 and phase changes
up to 180 degrees. The complete specification for the radio
frequency assembly is Ryan Specification No. 0000720021 and

is included as Appendix I in this report. The portion of

this specification covering the circulator-limiter and mixer
was used to procure the RF receivers which were installed in

Altimeters serial numbered 10 through 13.

2.3.1 After the first RF assembly was assembled in prototype
form it was determined that a four port circulator
would not provide sufficient isolation to maintain

frequency stability within 0.5 mhz. In order to
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accomplish the desired isclation, a coaxial isoclator
was inserted in the line between the transmitter
cavity and the circulator. The results of the tests

on the RF subassembly are as follows:

FREQUENCY
VSWR MIN., * MAX. AFREQ. MAX,
1.05 1610.4 whz 1610.6 mhz 0.2 mhz |
2.0 1610.5 1610.8 0.3 0.k
340 1610.5 1610.8 0.3

¥ Variation with Phase Change

The requirement to use the isclator as well as a four port
circulator led to additional problems caused by ex-
cessive insertion loss. Insertion loss of the isolator-
circulator combination added up to almost 1.8 db
which caused a 1.8 kw loss of power from the trans-
mitter. This loss in power caused the output from
the transmitter to be less than 5 kw which: is the

- minimum acceptable by specification. Further changes
were made in both the isolator and the circulator to
reduce the insertion loss and provide over 5.0 kw

pover.

2.3.2 RF Assembly Packaging. Procurement time for the

RF assembly was extremely short because of the neces-
sity to meet the flight schedule of SATURN vehicle
SA-T. A total of six weeks was allowed to fabricate
and evaluate a prototype RF assembly and deliver a
complete flight unit. The RF assembly includes a
four portcirculator, varactor diode limiter, and
hybrid mixer assembly all in one package. The local
oscillator and coaxial isolator are mounted on the
package. Because of the small space available in the
Altimeter, the size of the RF assembly was extremely
restricted. Figure 2=3 shows the installation of the

RF assembly in the Altimeter. The use of air strip
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INSTALLATION OF RF ASSEMBLY IN ALTIMETER

Figure 2-3

10
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transmission line allowed the construction of the

RF assembly in the small size needed. The air strip
type construction also permitted the installation of
diode balance adjustments in the balanced mixer. An
optimum noise figure can be achieved by carefully
adjusting the balance controls. Detailed information
on the calibration of the RF assembly is given in

Paragraph 3.2 below.

Matching Mixer Output to IF Amplifier. The first RF

receiver was installed in an Altimeter for system checkout
early in August 1964. The RF receiver provided satisfactory
isolation between the transmitter cavity and the antenna
load. All other parameters were satisfactory except for the
overall system sensitivity. The overall system sensitivity
prior to the inclusion ' of the RF assembly allowed acquisition
of -95 dbm signals. After incorporation of the RF assembly,
acquisition of only -86 dbm signals was possible. It was
determined that insertion loss was not causing all of the
loss in sensitivity. The decrease in sensitivity was
attributed to the impedance match between the mixer and the
IF amplifier. The mixer crystal holders were modified to
reduce the capacitance from a total of 35 micromicrofarads to
27 micromicrofarads. The reductionin .capacitance improved
the sensitivity by 3 db which was still not sufficient to
meet the specification requirements. Additional reduction

in the capacitance of the mixer crystal holders did not improve
the sensitivity. Modifications were made to the IF amplifier
input circuitry to provide a proper match for the output
impedance of the crystal mixer. The final input circuit
consisted of a shunt capacity of 20 micromicrofarads and a
series inductance of 0.33 microhenries in addition to the
existing input circuit as shown in Figure 2-4. This modifi-
cation increased the sensitivity to the same as measured

prior to the insertion of the new RF assembly.

11
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Modulator Modifications. Early in the program it

was determined that the modulator was providing a
second pulse of approximately 20 to 100 volts ampli-
tude approximately 0.6 ms after the initial trigger
pulse. This second pulse was entering the receiver
and causing the range tracker gate to be pulled

down to the lower end of the search gate. This sig-
nal appeared as a -93 dbm signal and therefore
limited the sensitivity of the Altimeter. The
modulator was returned to the verdor and changes were
incorporated which effectively eliminated the second
trigger pulse. Changes made to the modulator are

shown in the schematic of Figure 2-5.

3.0 DETAIL FACTUAL DATA

3.1

General Description. The general description

provided for the Model 520 Radar Altimeter in Ryan
Report No. 52067-1 applies to the Radar Altimeters
provided for the follow-on order. No external
changes have been incorporated in the four follow-on
Altimeters identified by serial numbers 10 through
13. Because of the internal changes to the RF
assembly and the range tracker, the part numbexr of
the Altimeters was changed to 501019-G2. Changes

to the RF assembly are shown in the block diagram,
Figure 3-1. Trigger pulses from the modulator are
fed to the transmitter which in turn transmits the
one microsecond wide pulse through an isclator and
ports one and two of a four port circulator. Returmed
signals are fed back into port two of the circulator,
out through port four and on to the limiters and
mixer. The output from the local oscillator is

also fed to a mixer and the resultant IF signal

from the mixer is fed to the IF amplifier. In
addition to the changes in the IF amplifier sub-

assembly, the timer subassembly has been modified to

o N
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To ) Coaxial

Antenna.< Circulator |L | Toolator e Transmitter:

Modulator
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Oscillator Power

Supply

: Range
e
Mixer Tracker

IF

Timer

Amplifier

RADAR ALTIMETER, BLOCK DIAGRAM
Figure 3-1

14
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provide a 16 bit elapsed time counter which is
triggered at the rate of 36 pulses a second. The
elapsed time counter can be reset to zero by an
external reset pulse. A summary of the major equip-

ment specifications is given in the following

table.
TABLE 3-1
Transmitter
Type Re-entrant cavity and triode
Frequency 1610 + 5 mhz
Pulse width 0.8 to 1.1 microseconds
Peak power 5 km
PRF 14k pps
*Frequency stability + 0.5 mhz

*¥With load VSWR changes up to 3.

Receiver
Type Superheterodyne
Center frequency Within + 0.7 mhz of transmitter
frequency
Bandpass 3.0 £ 1.0 mhz
Noise figure 8 db max.
Timer
Clock frequency 21.,233664 + 0.0000212 mhz
Trigger pulse frequency 14l + 0.002 pps
System Tracking Requirements
Accuracy +30.5 meters
Velocity 6 ku/sec max.
Acquisition Must acquire 2 km/sec gignal
within 18 seconds
Sensitivity =93 dbm
Range 50 to 400 km

15
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TABLE 3-1
(Continued)

OQutput Signal Characteristics

Altitude word (18 bits) "0" = 0 to 0.5 vdc
"1" = 4.5 to 5.5 vde
Elapsed time word (16 bits) "0" = 0 to 0.5 vdc
"1" = 4.5 to 5.5 vde
Inhibit Off = 0 to 0.5 vde
On = 4.5 to 5.5 vde
Reliability Search = 0 £ 0.2 vdc

AGC

Transmit signal

Filter output
Power supply

+
Track = 4.0 to 5.0 vdc
-0.6 to O vde

HV on = =0.1 + 0.02 vdc
HV off = 0 =+ 0.02 vdc

5.0 vdc max.

1.25 + 0.25 vdc

3.2 The RF subassembly provided in Altimeters serial numbered

10 through 13 requires a slightly different calibration

procedure. The new procedure is as follows:

3.2.1 Limiter setup

(1)

(2)

=(3)

(W)

(5)

Disconnect J13 (isoclator) from the RF sub-
assembly and connect the isolator output

through a 20 db coupler to the dummy load.

Monitor the output sigral frequency. Adjust
C1l020 on the transmitter cavity for a fre-
quency of 1610 mhz. Peak the transmitter

output power ard recheck the frequency.

Connect the isoclator (J13) to the RF subassem-
bly and comnect the output (J10) to the dummy
load through a calibrated doubls stub tuner

and the directional coupler.

Remove the local oscillator and monitor leak-
age power at J15,

Remove mixer diodes from their hclders.

16
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" {6) With the tramsmitter energized, vary VSWR
between one and three and observe the leakage
power at J15. Minimize the leakage power by
adjusting the tuning slugs under the varactor
housing. A power reading of less than 0.05

milliwatts is required.

,(7) Recycle VSWR variations to insure proper setting.

3.2.2 Receiver sé&tup

" {1) Set the local oscillator output to 1.6 milli-

watts and connect output to J15. Install
the mixer crystals in their holders and
remove the double stub tuner from the load.
Check the crystal diode balance by measuring
current between the mixer output and ground.
The reading should be less than five micro-

amps.

(2) Carefully adjust controls located beneath and
adjacent to the crystal holders until any

unbalance is minimized.

(3) Setup the system for a noise figure test.
While observing the noise figure meter, tune
the crystal diode controls to minimize noise
figure. Additional noise figure improvement
may be obtaired by adjusting the two large
tuning slugs on the side opposite from the

varactor housing.

(4) Additional noise figure improvement is some-
times possible by adjusting C3002 on the IF

amplifier.

PROGRAM ACTIVITIES

Modification 12 of Contract NAS8-2L459 was initiated on 15
November 1963. Four Model 520 Radar Altimeters with the
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Modify timer subassembly to provide an elapsed time
interval counter with a capacity of 16 bits and a

time resolution of 1/36 of a second.

Provide an external reset capability for the time
interval accumulator. The reset signal to be

suppled from external vehicle networks.

Appendix A of the contract entitled "Specifications"
was amended to:
(1) Add MSFC-STD-154, Printed Circuit Design and

Standards for.

(2) Add MSFC-158B, Soldering Electrical Components
for Space Vehicles, Procedure for, (delete

sub-paragraph 2, Page 12, "Filtration").

(3) Delete MSFC-PROC-257 and substitute therefore
MSFC-PROC-293.

All waivers to specifications generated under the
basic contract as amended were applicable to
Modification 12. The following unit waivers were

considered applicable on the follow-on contract:

(1) Plating solution may be Sel-Rex Autronex PC
acid gold or Sel-Rex bright gold cyanide, or
equivalent, provided other solutions conform
to MIL-G-4520k.

(a) Total weight shall be 27 pounds meximum.

(b) TIF bandwidth of the receiver shall be

U1 he

j— e il

(3) Identification may be accomplished in accord-
ance with Para. 3.1.19.7 of MIL-E-54L00D where
it is impractical to identify parts or com-

ponents as specified in MIL-STD-16R.

(h) Resistors and diodes may be mounted vertically

in the tracker subassembly in lieu of resting

18
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them flat against printed circuit boards as
required by Para. 3.1.5 of ABMA drawing
8931071.

(5) Nylon ribbon lacing may be used in lieu of

glass lacing cord as required by ABMA-PD-E-53.

(6) Reference Para. 1.4 of the revised sales
order. Para. 2, Page 12 "Filtration" of
MSFC-STD-158B is deleted.

(7) All specifications contained in the contract,
as amended, requiring electrical and environ-
mental testing and resulting test data shall
be waived as it would otherwise apply to the
timer subassembly being subcontracted from
Brown Engineering Company, Huntsville, Alabama
for incorporation into the additional four

Altimeters.

On 29 January 1964 SATURN vehicle SA-5 was successfully flown
with Altimeter serial number 2 aboard. After approximately
300 seconds of flight the Altimeter locked onto the return
signal for approximately 12 seconds and then for the following
100 seconds was intermittently on and off lock. Evaluation

of the altitude data during this portion of the flight indicated
that the averaged Altimeter readings were within 30 meters of
alternate methods of measuring altitude. The altitude during
this portion of the flight was over 200 kilometers. During
the flight the AGC level remained the same with motors on

and off and the intermittent lock-on ocurred similarly under
both conditions. This fact led to the conclusion that
vibration levels were not the cause of the intermittent lock-
on. The conclusion reached by representatives of MSFC is that
additional sensitivity in the Altimeter would provide a

higher confidence level in meeting the program objectives.

Ryan had been independently investigating possible approaches

19
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to improving the sensitivity of the Altimeter. These
investigations led to the belief that the tracker subassembly
could be improved as much as 10 db. Proposals to improve

the tracker subassembly were submitted to Marshall Space
Flight Center.

Modifications to the range tracker subassembly of Altimeter
serial number 10 were incorporated prior to the required
delivery date. The modifications provided tracking of -9k

dbm signals and acquisition of -90 dbm signals. Initial
lock-on at low altitudes and low relative velocities was
assumed as a mission requirement. Therefore, acquisition
sensitivity was not considered to be as important as obtain-
ing a much improved tracking sensitivity. Additional modifi-
cations were incorporated to limit the bandwidth of the tracker
integrators, thus slowing down acquisition time but improving
tracker sensitivity. The modifications incorporated in the
tracker allowed tracking -98 dbm signals and acquisition of
-91 dbm signals. Altimeter serial number 10 completed
acceptance testing at Ryan and was hand carried to Marshall
Space Flight Center on 7 April 1964 for evaluation. Data ob-
tained during the final acceptance test of the Altimeter

are shown in the Appendix. Tests conducted at Marshall Space
Flight Center showed that serial number 10 could reacquire a
-92 dbm signal when the tracking gate was positioned 100
microseconds from the signal and it could track a -100 dbm
signal. MSFC representatives, however, expressed a desire

to improve the acquisition time since they were interested

In order to investigate the required improvements in sensitiv-
ity and isolation between the transmitter and the antenna load,

an extension in the delivery schedule was requested.

Ryan proposed modifications to the tracker assembly with the
objective of obtaining a greater acquisition and tracking

sensitivity. Also proposed was the incorporation of a modified

20
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TRAK Microwave RF assembly which was designed to isolate the
antenna from the transmitter. MSFC representatives rejected
the proposal on the basis that the cost of the RF assembly
modification was excessive. Ryan obtained alternate approaches
to the modification of the RF assembly. An alternate approach
was selected and in early June 1964, Ryan proposed modifications
to Altimeter serial numbers 10, 11, 12 and 13 which would

accomplish the following:

4.4.1 Modification of the range tracker subassebly to allow

acquisition of a -93 dbm signal within 18 seconds
with vertical velocity of 2 kilometers per second.

4.4.2 Increase the functional reliability of the Altimeter
by isolating the transmitter from the antenna to

prevent frequency pulling with VSWR changes.

Altimeter serial number 12 was subjected to final acceptance
testing in mid-August 1964. This unit passed the requirement
to provide isolation between the antenna and the transmitter
cavity with VSWR changes up to three and 180 degree phase
changes in the antenna load. The transmitter frequency re-
mained well within a 0.5 mhz variation. Altimeter serial
number 12 could acquire -96 dbm signals and track -99 dbm
signals. This Altimeter was hand carried to MSFC by a Ryan
representative on 16 August 1964k. Subsequent testing of
Altimeters revealed that the insertion loss in the RF sub-
assembly caused the output transmit power to be marginal.
Additional changes in the receiver allowed a further reduction

in insertion loss in both the isolator and the circulator.

On 18 September 1964 SATURN vehicle SA-7 was successfully
launched from Cape Kennedy. Altimeter serial number 12 was
aboard SA-T, and tracked the return signal from approximately
170 seconds after lift off to 800 seconds after 1ift off.
Preliminary data shows that the accuracy of Altimeter data
compares favorable with data from other systems. The last two

Altimeters were shipped on 9 October 196L4.
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CONCLUSIONS

The requirements of Modification 12 and Modification 14 to
NAS8-2459 were to provide four production Altimeters with
modifications to improve the sensitivity to allow tracking
and acquisition of a -93 dbm signal and to isolate the
antenna from the transmitter cavity. The Altimeters all
exceeded the sensitivity requirement and all provided the
necessary isolation between the antenna and transmitter. In
addition to the above modifications to the Altimeter, the
impedance match between the mixer output and the input of the
IF amplifier was modified to provide optimum sensitivity.
Modifications to the modulator subassembly resulted in the
elimination of the second low amplitude trigger pulse which

also affected the sensitivity of the Altimeter.

RECOMMENDATIONS

During the design, production and testing of the Ryan Model
520 Altimeter various suggestions have been made for improve-
ment in performance. New techniques and advanced technology
have afforded the opportunity to extend the capabilities of
the Altimeter even further. A study program is ‘Trecommended
to develop modifications to the Model 520 Radar Altimeter
which will have as a design Objective the ability to acquire
and track a -103 dbm signal. This signal would be acquired
within 30 seconds nominal when the vertical velocity of

the vehicle is a maximum of 2 kilometers per second. In
order to extend the sensitivity of the Model 520 Radar
Altimeter, it is suggested that a tunnel diode RF pre-
amplifier be incorporated and further modifications to

the range tracker subassembly be made. Modifications to

the range tracker subassembly are required to delete the
search-track relay and the nuvistors. A third recommendation
would be to incorporate a completely solid state frequency

standard which does not require temperature control. Also it
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is now possible to obtain a completely solid state IF
amplifier. The following tasks should be accomplished
during the study program.

6:1.1 A prototype tunnel diode amplifier, including a
five port circulator, should be designed and
fabricated and tested in an Altimeter. The tunnel
diode RF pre-amplifier should meet the following

performance characteristics:

Frequency: 1610 +5 mhz

Noise figure: 5.5 db maximum, 4.5 db typical
Gain: 17 db minimum

Temperature range: =-20°C to +100°C

Dynamic range of input: =55 to -103 dbm

Maximum surge input: -7 dbm

6.1.2 The present ability of the range tracker subassembly
to acquire and track signals weaker than -96 dbm is
limited by the relatively insensitive search-track
relay circuit. Replacement of the acquisition relay
in the tracker is recommended in order to extend the
ability to acquire weaker signals. In addition, the
DC amplifier portion of the range tracker should be
modified to include the use of all solid state com-
ponents. Deletion of the nuvistors would provide

greater reliability and less power drain.

6.1.3 TImprovements in the design of the delay generator
portion of the range tracker subassembly should be

accomplished and should regult in a significant

improvement in jitter.

6.1.4 Completely solid state frequency standards which do
not require temperature stabilized ovens are now
available. Investigations into the procurement of
such a clock source for the Altimeter application
should be made.
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6.1.5 It is also recommended that modifications to the IF
amplifier subassembly be made to provide a completely
solid state amplifier. Present state of the art in
IF amplifier design would allow elimination of the
nuvistor in the input stage of input amplifier and

provide a much smaller size package.

The successful performance of the Altimeter aboard SATURN
vehicle SA-T leads to the conclusion that accurate, reliable
Altimeters can be provided for use as basic navigation

devices in fubture space vehicles.
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PROCUREMENT SPECIFICATION
FOR
RADIO FREQUINCY ASSEMBLY
1.0 SCOPE
1.1 Scone - This specification establishes the requirements

for the design, fabricution, test, and performence of a Rsdio F'requency
Asscmbly to be used in the Reder Altimeter for the SATURN space vehicle.
1.2

Interpretation For the purpose of this specification, the

Rudio Frequency Assembly, the Menufecturer, «nd Ryun Electronics shall

hereinafter be referred to as the "wnit", "Vendor", end "Contractor"

respectively.

1.3 Classification - The unit shall be of onc type.

2.0 APPLICABLE DOCUNMENTS

241 General - The following documents of the issue in effect on

the date of invitetion for bids from & part of this specification to the
extent specified herein:
SPECIFICATIONS
Militory
MIL-T-26600
MIL-D-70327

Interference Control Requirements
Drewings, Engincering and Associnted
Lists

NPC 200-3 NASA Quality Publication

MSFC-STD-154 Printed Circuit Design &nd

Construction Stendards
ABMA-DWG-AB931071 Printed Circuit Soldering
end Inspecction Proccdure

ABMA-PD-E-53

G & C Division(MSFC)
Deslgn Guide Lines

MSFC-155B

Elcctrical Wiring Procedures

Prrts, Materials and Processces

Soldering Flectrical Connections
for Spcce Vehicles
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2.2 Availability of Documents - When requesting specifications,

étandnrds, and publications, refer to both title and nwiber. Copies of
this specification and applicable spécificntions required by the Vendor
in connection with specific procurcment functions may be obtained upon

application to the Contractor. '

2.3 Procedence of Docwsents - VWhen the requirement of the pur-

chsse order, this specificetion or appliceble subsidiary specifications
are in conflict, the following precedence shell apply:

(1) Purchase Order - The Purchase Order shall have

precedence over any specification.

(2) This Specificetion - This specification shsll have

prccedence over all spplicable subsidiery specifica-
tions. Any deviation from this specification, or from
subsidiary specifications where applicsble, shall be
specifically approved in writing by the Contractor.

(3) Referenced Specifications =~  Any referenced specifica-

tion shall have precedence over all applicable sub-
sidiery specifications referenced therein. All

referenced specifications shall spply to the extent

specified.
3.0 REQUIREMENTS
3.1 Parts and Materials - Premium quality componcnts shall be used

throughout. The Vendor shall use G & C Division (MSFC) Design Guide Lines
covering pafts, materials and processes to the fullest extent pructicable.
Exceptions to this requirement may be griunted only by written authorizetion
of the Contractor and will be granted only in thoce instances where it can
be chown that the existing gulde lincs are lacking in necessary require-
ments or sre inadequote for use.

3.1.1 Solid State Devices - Solid state devices shall be used to

the greatest practic' 1l extent but the use of eclectron tubes or hybrid

N
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design will be permitted if necessary to comply with this specification,
provided the weight and power consumption limits of this specification

are not exceeded.

3.2 Desipn snd Construction
3.2.1 General - Simplicity of design, stability, interchangeability,

and operational reliability shall be the prime considerations in the
deslgn and construction of the unit.

3.2.2 Construction - Integrated construction shall be used to the

greatest extent practicable to minimize intecrconnections and provide a
compact unit.

3.2.2.1 Workmanshinp - Printed circuit design and construction shall
be In accordance with MSFC-STD-154. Printed circuit soldering and inspect-
ion procedures shall be in accordance with ABMA DWG-A8931071 and electrical
connections shall be soldered in accordance with MSFC-158B with subparagraph
2, page 12 "Air Filtration" deleted.

3.2.2.2 Wiring - Electrical wiring procedures shall be in accordance
with ABMA-PD-E-53.

3.2.3 Environmental Requirements

3.2.3.1 Temperature - The unit shall be capeble of operating at

temperature extremes of -20 degrees C. to + 100 degrees C (design objective
is + 125°C). The temperature of the unit will be stabilized at the extreme
temperature and maintained at this temperature for a period of two hours
after which time operationsal tests will be conducted. During the two-hour
period, the unit will be in en operating condition.
3.2.3.2 Vibration - The unit shall be cepable of withstanding a
sinusoldal vibration in each of its three major axes without edverse
effects on 1ts operation. The vibration frequency will be swept from
10 cps to 2,000 cps to 10 cps in 15 minutes, sweeping twice for each of
the three axes for a total of 6 sweeps, at the following conditions:
(A1l resonant frequencies will be noted).
20 to 50 cps a8t 2 g's
50 to 110 cps at 0.016 inches DA displacement
110 to 2,000 cps at 10 g's
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Resonant frecquencies will be subjected to 10 minutes vibration in esch
of the threce major axes at the following conditions:
20 to 45 cps et 2 g's
5 to 95 cps et 0.016 inches DA displuccment
to 2,000 cps et 10 g's

=
&

QO
T

3.2.3.3 Shock - The unit shall be capable of withstending six shocks
in each of the thrce major planes without adverse effects on its opera-
tion. The unit will be operating during this test. The chock level
will be as follows:

20 g's for 10 milliseconds (trienrulsr wave) or

20 g's for 8 milliscconds (sine wave) or

20 g's for 6 milliseconds (square wave)

3.2.3.4 Acceleration - The unit shall be capable of withstanding

15 g's of eacceleration without adverce effects on its operation. The
unit will be subjected to scceleration in six mounting positions in
succession. The positions will be such that the radial accclerétion
foréé is epplied to each of these axes. The &cceleration time will be

5 minutes for each posltion.

3.2.h Mechanical Requirecments

3.2.&,1 " Total Weight - The total weight of the unit shall be a
minimum consistent with good design snd shall not cxceed 3.0 pounds.
3.2.4.2 Confipurstion - The configuration of the unit shall te
subject to the spprovsl of the Contractor.

3.2.5 Electrical Requircments

3.2.5.1 R»dio Frequency Interfercnce - The unit shall conform to

Specification MIL-I-26600 in respeet to radiated end conducted inter-
ference and spurious responsces.

3:2:5:24 Tronsmitter

3.2.5.2.1 Test Points - A test point shall be provided to monitor the
cignul of 3.2.%.2.3 (2). This test point shall be capable of operating
into en impedence of 93 ohms (nominnl) without adversely affecting the
monitored circuits. The test point shell be isoleted to the extent

thot accldentel grounding will not demage components in the set.

N
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R:2:5:22 Innuts

inputs:

(1) Power: 6.3 + 0.5% VDC power at 1.1 sups for filament

(2)  Sigmel: A pulse from the modulator with the following

3.2.5.2.3 Outputs

(1) signasl

(o)
(1v)
()
(a)
(e)
(f)
(&)

(2) A power monitor equal in 211 respects to the pulsc of
3.2.5.4 (1) except the output voltuge shall be minus
0.5 * 0.1 volt across 2 nominal 93 ohm output.
3.2.5.2.4 Transmitier Charccteristics

SPECIFICATION NO. 00 00T 20 021
DATE
PAGE NO. 5

= The unit shell be supplied with the following

supply to be supplied from bifiler winding

in modulator.

characteristics:

&) 3,500 volts peeak
b) 17.5 kw power min.
c) P.R.F. of 14k cps.

d) Ripple on pulse less than 10% of total
pulsce amplituwde.

e) Pulse width 1.09 microcecond +0.15
microsccond at 50% voint.

f) Rise time (10 to 80/) 0.1 microsecond max

£) Fall time (10 to £07)0.5 microsecond maoxd

h) Droop less than 10% over the pulse width
- The unit shsall supply the following outputs:

A % to 10 kw RF pulse.

Pulsc width 0.8 to 1.1 microsccond.

Rice time 0.1 microsecond max. (10 to 9O%)
P.R.F. of 144 eps.

Duty cycle of 0.000137 noninal.

Transmitter frequency of 1.610 + 0.005 kmc.

Load impedence of 50 ohms

(1) Power Output % kw min.

(2)  Fregueney 1.610 + 0.005 lmic.

(3) Duty Cycle 0.000137 nominal.
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(4) Pulse width 0.8 to 1.1 microsecond.

(5) Rise time (10 to 90%) 0.1 microsccond max.

(6) P.R.F. of 144 cps.

(7) Antenna load impcdance 50 ohms
3.2.5.3 Recelver - The R.F. recceiver shall comprise a four
port circulator - limiter, a locerl oscillator and a balanced mixer.
The receiver shall provide sufficient antenna load isolation to maintein
transmitter frequency within + 0.5 me with load VSWR variations up to 3.0
and phase chenges up to 180°. The belanced mixer shall provide a 30 mc

by

I.F. signel. The single frequency noise figure shall be B

Ve W dulddisian

when utilizing an I.F. amplifier with a noise figure of 1.5 db.
3.2.5.3.1 Circulstor - Limiter - The four port circulator shell

accept the transmit signel of 3.2.5.2.3 (1) #nd route it to the antenna
connection. The circuletor - limiter shall provide antenna load isolation
described above and provide protection for the mixer dilodes and chall
route the received signal to the mixer.
(1) Inputs:
a) The transmitter output pulsec described in
3.2.5.2.3 (1) shall be routed to the antcnna
which hes a 50 ohm input impedance.
b) A return signal from the target st a power
level between - 7 dbm and -96 dbm.
(2) Outputs:
a) The transmitter pulse of (1) (&) ebove attenuated
a maximum of 0.5 db.
b) The input signel of (1) (b) sabove sttenuated by
a maximuwn of 0.5 db, This signal shall be supplied
to the siimal mixer.
3.2.5.3.2 Local Oscillator - The local oscillator shall provide

a 1580 mc signal to thc bulenced mixer. The L.0. frequency shell be
adjustable plus or minus 5 mec. Power output shell be adjustable {rom
1 to 10 mw. The L.O. - transmitter cignal frequency difference shall

be 30 + 0.5 mc under all environmental conditions.

N
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(1) Inputs:
+ 150 vde unregulated
6.3 + 0.2 vie
(2)  oOutnut:
Sine wave, 1590 me, 0-10 mw, Lo drive balonced
crystol mixer.

32 o5 3.3 Simnl Mixer - The mixcer shall be balanced with &

single outout and shnll utilize semi-conductor diodes that sre accessible
for replacenent.
(1) Inputs:
&) The circulator - limiter output of 3.2.5.3.1.
b) The locul oscillator output of 3.2.9.3.2.
(2) Output: A 30 mc sign=1l for inscrtion into rn I.F.
Amplifier. The output imopcdance shall be 13% ohms
and 20 micromicroflarads.
4.0 QUALITY ASSURANCE PROVICIONS
4.1 Quility Control - The Vendor shall msintoin a quelity

control system in accordance with NASA Quality Publication NPC 200-3.

This system shall be adequste to ssure that the unit meets all the
requirements of this specification. Records of all variations, rejections
and scceptances shall be meintoined through »11 phasas ot fabrication

and assembly. These records shall be svallable to the Contractor upon
request.

h.2 Reliability Control -  The nature and the mission of

the spuce vehicle demand = high degrece of reliability. The Vendor shell
establish a reliablility control program which will ensure & high degree
of reliability and subwmit a éopy of this progrsm to the Contractor for
review and approval when required by the Purchasc Order.

4.3 Acceptence Testing - Each unit submittced for sceeptance

shell be tested to determine that the unit meets all the electricel
requircments of this specificution. The vendor shall provide test data
showing the results of acceptsnce testing. Rysn purchasing sholl be

nolified at lesst 2 working days prior to scceplince testing to cllow
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witnessing of these tests by Ryzn. Razdlo Frequency Interference
Testing per MIL-1-260600 shsll be conducted at Ryen as a part of the
environmental testing.

i Test Procedurcs -  The Vendor shall preparc scceptance

test procedures for the unit and submit these procedurces to the Contractor
for review and approval. The test procedurcs chall include colibration
instructions, a list of test equipment used to perform the tests, and

a step-by-step procedure for conducting the tests. 'The scceptuance

tests shell be conducted at a location designated in the purchase order.

5.0 PREPARATION FOR DEIIVERY
5.1 General - All units shall.be preserved, puckaged,

packed and marked for shipment as spccified in the purchase order.

6.0 NOTES
6.1 Monthly Progress Reports - When specified in the purchuse

order, monthly progress reports shull be subnitted to the Contractor and
shall include the following informotion:

(1) A brief statcment of work accomplished to start of
current rcporting period.

(2) A description of the work performed during the current
rcport period including; all work whether yielding
positive or negetive results. Design discussions,
results of ‘tests both in raw and swmary forms and
their interpretations, and plens and schedules of
work contemplated for the ensuing month shall be
Included. Sufficient descriptions of experimentel
or test eccondltions shall be provided to establish
validity of interprctation beyond reasonable doubt.

(3) All pertinent sketches or drawings.

(4) A1l pertinent culeculatlons and theoretical analyses.

(5 A statement of the number of man-hours expended for:
(n) enginecring, (VL) drafting, (c) fabricotion,
end (1) other fnetions in sccomplishing the work

performed during the report period.

\<b
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(6) Any other information such as schedule changes,
procurement difficulties, ete,, that will assist in
evaluating the progress by the Vendor.
6.2 Manufacturing Drawings - A complete set of reproducible

manufacturing drewings conforming to Specification MIL-D-70327 shall be

provided when and as specified in the purchase order.

6.3 Purchase Ordcr Discrepancies - Discrepancies or departures

from the specified requircments of the purchaese order shall be identified

and submitted to the Contrasctor for disposition.

6.4 Rework - Cost of rework and transportation of units

necessary to correct defects found during &ccepteance and environmental
testing at Ryan shall be borne by the vendor. Vendor engineering and
liaison cost, if required during environmental testing, shall be borne

by the vendor.
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Test ACEELTANEE

Eqpt. MBPEL 520
Serial No. /"’ |

Par, Test
3.1 Trans. Freq.
3.2 (&) (e) High Freq.
(a) Low Freq.
(5) (v) Bandpass
(e) Center Freq.
3.3 (3) (f) Noise Ind.
(8) Cable Loss
(h) Noise Figure
3.k PRF
3.5 Pulse Width
Rise Time
Decay Time
3.6 Trans. Power
3.7 Clock Freq.
Clock Freq.
3.8 Vert. Velocity
3.9 Overall System
Accuracy

3.10 Inhibit Signal

e F LOF

Test Engr. J?éf'

9“'! s Ao A

Witness g ;L§$¥Zét:

Regmnt. asursd
1610 5 MC 16(3-5
As Measured l6/4- .25
As Measured /6175
3.0 £1.0 MC 2.5
Equal to 3.1 within 0.5 MC . [6/3.25
As Measured 272

As Measured 072
Shall not exceed 8.0 db 7O
14400 £2 counts /(4400
From 0.8 to 1.1 ps. 0.5
Less than 0.1 ms. (10% to 90%) eyl
Less than 0.5 ps. (90% to 10%) _O.2

5 KW Min. AW
212.3366k x 100 2/2.33668

212 counts
4 (2]
/f&' +2 counts

Ascending at
50 to 175 KM
175 to 40O KM

Descending at
Loo to 175 KM
175 to 50 KM

.2411.63 +0.2034 us.
1459.18 *0.2034 us.
386.17 +0.203L us.

Data Sheet
Sheet 1 of 3
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K 3'&%«»\\( %)

Par. Test Regmnt . Measured

3.10 (b) Elapsed Time Word 5 +0.5VDC IND.| ON | OFF [1!03;‘5/!20!’15
Indicator ON 20 %o |.2 27‘,?'7 v !
0 £0.5 VDC ol s |.2 |2° ¢7J2
Indicators OFF 2= 7 |2 ’/_ ;4'7 “2'

23 19.7 |2 _p"*#7.2
ot 2.7 | .2 2‘3#7;'/7
25 4.7 |2 2’“’5‘712
® 147 |f 12%%47 18

2V 27 7 | 1
28 ¢ 7 - / 5 "___1“_‘__1_'*
(e¢) Altitude Word 5 +0.5 VDC IND.| ON | OFF
Indicator ON 20 |52 | O
0 $0.5 VDC 2l g2 | ©
Indicator OFF 2° S22 O
23 |572| @
NOTE:  Indicators 20 through ot may a" 5',2 e
2> |57
Jitter too much for an accurate 5 5/2 =
2”52 e
voltage measurement. For these Y 52 e
check that the voltage is present X |52 0
29 y o
or absent. ‘52
ol0 1572 | .2
oll j 2 , a
el2 |52 (.2
1
213 4= | . 2
olh 1572 1.2
25 145721 .2
216 |42 | 2
2T\ 572 (.2
Data Sheet
Sheet 2 of 3
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Test
(d) Power Supply

(e) Filter Output

(f) AGC

(g) Reliability

(h) Transmit Sig.

Power Consumption

Regmnt.

1.25 +0.25 VIC

No Ground Effect
Varying Voltage

fram 0.5 to 5.0 VDC

No Ground Effect
Approx. -0.6 to 0.0 VDC
No Ground Effect

Track 4.5 +0.5 VDC
Search O +0.2 VIC

No Ground Effect

H.V. ON -0.1 +0.02 VDC
H.V. OFF O +0.02 VIC
No Ground Effect

Oven OFF-less than 65 W.

Oven ON-less than 80 W.

Measured

Lo
.

N6S 15 4./
O
—~0.5 Jp=&]

Data Sheet
Sheet 3 of 3

ng%kikﬂwjv\Ls qgff%
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Testv/'%:v v '/owLC

Serial No.
Par,
3.1
3.2 (&) (e)
(a)
(5) (v)
(e)
3.3 (3) (r)
(8)
(n)
3.k
3.5
3.6
3.7
3.8
3.9
3.10

@ = L2 (T s

1O

Test
Trans. Freq.
High Freq.
Low Freq.
Bandpass
Center Freq.
Noise Ind.
Cable Loss
Noise Figure
PRF

Pulse Width
Rise Time
Decay Time
Trans. Power

Clock Freq.

Clock Freq.
Vert. Velocity

Overall System
Accuracy

Inhibit 8ignal

ch;//,;/ 7/?# 777”8

Date

32

Teﬂt Enyc 4 y, g
Witness M} (Z%)
Regmnt. A \\ Measured
1610 +5 MC \ [0 25
As Measured Z(;([,r
As Measured [¢08. 8
3.0 £1.0 MC Z 1 Z
Equal to 3.1 within 0.5 MC . [L10.15
As Measured (‘»”; 7
As Measured o, 2
Shall not exceed 8.0 db Z 7é
14400 %2 counts / é £QO
From 0.8 to 1.1 pus. 082
Less than 0.1 M8 . (l% to 90%) e (/
Less than 0.5 ps. (90% to 10%) .37
5 KW Min. S5 KW
212.33664 x 106 2/2.3 3442
212 counts
/600 :
<100 £2 counts /200 6
Ascending at
50 to 175 KM O
175 to 40O KM Y%
Descending at
400 to 175 KM O K
175 to 50 KM
2411.63 +0.2034 M8 . .60
1459.18 +0.2034 us. '/Zil—z:/ o 20
386.17 £0.2034 pus. TL¢ 2o
5 ¥0.5 VDC + 4.8
0 10.5 VDC RV
/8 sec. max. L3O
HFC. Data Sheet
Sheet 1 of 3 _
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Par. Test
3.10 (a) Pover Supply

(e) Filter Output

P

(£) Ace

(8) Reliability

(h) Transmit 8ig.

3.1 Power Consumption

Requnt.
1.25 £0.25 vIC

No Ground Effect
Varying Voltage
~fprem—Ovb—te- 5.0 VDO - M4~
‘No Ground Effect
Approx. -0.6 to 0.0 VDC
No Ground Effect

Track 4.5 $0.5 VDC
Search 0 +0.2 VDC

No ‘Ground Effect

H.V. ON =0.1 £0.02 VDC
H.V. OFF 0 20.02 VDC

No Ground Effect

Oven OFF-less than 65 W.

Oven ON-less than 80 W.

W—J -

Measured

2.3/ yoc

ON

L Belp Yo

o/
=05 =008

15y

2, 75

onlG
or

~ /OO

- 002
D
LA G w
T7E 7 v

312 TromsmWer Stalilily | AHVions/ Fecs ///Z@)

Vs WR
22570

2.1
3.

FREQ ) A FeepmI( MAX = ) HeS)
/()02 5 .
4 G101 od
. RS

/(07 7

Data Sheet

Sheet 3 of 3
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ar. Test Reqmunt,
9 3.20 (b) Elapsed Time Word 5 0.5VDC
Indicator ON
0 £0.5 VDC

Indicators OFF

(¢) Altitude Word 5$0.5 VDC
Indicator ON
0 £0.5 VDC
Indicator OFF

NOTE: Indicators 20 through 2% may

‘ Jitter too much for an accurate
voltage measurement. For these
check that the voltage is present

or absent.

Syt cowsts. (PO #esr)

Cadlc /os;’(zfx €o Covpler) oI
(/4” ~ctionel f.nce,l?/:/r o‘*;’;i
g ELrwea fov — .é
Avss Sial Reecling  _ a y
29 / 4+ /5
33

Measured
IND. | ON | OFF |IND |ON |OFF
A A
ol |2/ 0,527 |5 7#2
2° | 4 ilonsh” 972
2> |2« ]onlp? 282
n y
2 |ay |on” © g L
22 |1, L1277 l97]ez
20 2% 0,/5'2” ) .18
2l |7 |pow |
28 4, 5 10,06
IND.|{ ON | OFF
20 N5/ 10/
21 )i A
2 ;
23 ;e 4
2t 15,0 |oy5
27 it ‘o
2 |, ,
27 /1 1
28 1o /"
29 4/7 0,10
210 j’/O p, /:)
2ll 15,0 py
22 -0 |p¢
213 |50 | /e
215 | £io 1o/
216 é”o &1 /
2 1 5700/

Data Sheet

Sheet 2 of 3




RYAN ELECTRONICS

REPORT NO. 52065-1B

- ‘/
Test . - KT/,/&%:/// o

Eape_ oo/ A/ - _59“)(“/?\

Serial No.

LAl
R Y

5.1
3-2 (4) (e)
(a)
(5) (v)
(e)
3-3 (3) ()
(8)
(b)
3.4
3.5

3.6
3.7

3.8

3.9

¢

Date kwt S

Test Engr, /%/

W4 Witness @
Test Regmnt . Measur d
Trans. Freq. 1610 5 MC J6L0.5
High Freq. As Measured Je/l-5
Low Freq. As Measured /6/7 4 ':;'5,6.
Bandpass 3.0 1.0 MC | .\2.4
Center Freq. Equal to 3.1 within 0.5 MC lelt 3
Noise Ind. As Measured .5
Cable Loss As Measured - FJ2
Noise Figure Shall not exceed 8.0 db Z 7Yy
PRF 14400 12 counts /ﬁc’fo
Pulse Width From 0.8 to 1.1 us £EZ
Rise Time Less than 0.1 us. (10 to 90%) .03~
Decay Time tl:;ezu; than 0.5 ps. (90% to 10%) :_Zf
Trans. Power 5 KW Min. B, 3K W .
Clock Freq. 212.3366h x 106 2/2.33%57 &

$212 oounts
. / gec 5
Clock Freq. 360~ £2 counts [0,
/%% —
Vert. Velocity -Ascending at
50 to 175 KM ChL
'175 to 40O KM Ok
‘Descending at
400 to 175 KM (o 4
175 to 50 XM CK
Overall System .2411.63 £0.2034 us. w20, /5 s
Accuracy 1459.18 0.203k4 us. T 28: O ysec
386.17 $0.203k us. M £ Cell prset
Inhibit Signal S $0.5 VDC & yde
0 $0.5 VIC L2 e
y oy JE5 Sce
A"ﬁ‘/’-"%‘“ w /8 sec mT
Y Data Sheet
Sheet 1 of 3
32 7-B8




RYAN ELECTRONICS
REPORT NO, 52065-1B

Pax. JTest Regmnt,

3.0 (b) Blapsed Time Word 5 10.5VDC
Indicator ON
0 0.5 VDC

Indicators OFF

(c) Altitude Word 5 $0.5 VDC
Indicator ON
0 0.5 VbC
Indicator OFF

NOTE: Indicators 20 through 2% may
Jitter too much for an accurate
voltage measurement. For these
check that the voltage is present

or absent.

3

e — &/

@

S~
Measured
IND.| ON | OFF | ol ox]9F/
D 45 |p.2 137 [97]02
2.1 <, (- .’ -2/‘, S
2d x4 ,7 Z” ' 0,2_
25 | ao | ae 2ttt g
2h , a/)/ ?I’,l' 0'¢
25 [ [« 7| low
2® 149 lp2 lav ] oot
ol v s |
28 v |piz
IND. ON OFF
20 2/ e
21 L P4
2‘ s 8//57’
23 ot s
2“ 27 !
25 5/’0 T
20 Pus o2
Tl z o./5
28 1/ (:p,&
29 | 450 |/
210 |y |84
ol2 | 550 loyp
253 | 50 0. 73
21& 5.0 |15
215 \ 5o 1o, 5™
‘ 216 510 |ors
217
&0 |45
Data Sheet
Sheet 2 of 3




RYAN ELECTRONICS
REPORT NO. 52065-1B

Parx. Test Reqmnt .
. 3.10 (d) Power Bupply 1.25 +0.25 VDC

No Ground Effect
Varying Voltage

-Lo6aede=460- 5.0 VDO MAcx
No Ground Effect

(e) Filter Output

uw,))

e

T @

Measured

1,33 roe
72

Ol 1o o #
‘El)

(£) AcC Approx. -0.6 to 0.0 VDC ~ 4385 72-000F yoe
No Ground Effect 4o '
(8) Reliability Track k.5 $0.5 VDC AN
Search 0 0.2 VDC P[5, S
No Ground Effect A0
(h) Trensmit Sig. H.V. ON -0.1 0.02 VDC e 0. 09
H.V. OFF 0 $0.02 VDC =020/
No Ground Effect ), 4/
‘ 3.11 Povwer Consumption Oven OFF-less than 65 W. 65 W
Oven ON-less than 80 W. 79w
3.6 TX Pewer mEASURENENTS VTN S

3.4/ Los55LES. |
CHBLE LOSS 0.7 r/{é
EVUPLER AOS 5 23./0 AL
AT TENUATOK 3 2 S

3<2¢ ‘i‘//é_

METLER BEADMNg - 4.8 b

(27.6’%//4 - £ 3NKW-

3.2 TrowxszrAty SHobe /0 s -

Vs wi Areg a4~
NER ZoST | paes
2 /¢c/o. 1 Data Sheet
' / /4/0 / ] 47;//5' Sheet 3 of 3
3. ‘

34




RYAN ELECTRCNICS
REPORT NO. 52065-1B

2
'I‘eSt /! [l "]-_,L/; P
7

EQpt. A AIF P S 52

Serial No.

Par,

3.1
3-2 (%) (e)
(a)
(5) (v)
(e)
3.3 (3) (1)
(g)
(h)

3.4

. 3.5

3.6
3.7

3.8

3.9

.3.10

24

Test
Trans. Freq.
High Freq.
Low Freq.
Bandpass
Center Freq.
Noise Ind.
Cable Loss
Noise Figure
PRF

Pulse Width
Rise Tine
Decay Time
Trans. Power

Clock Freq.

Clock Freq.

Vert. Velocity

Overell System
Accuracy

Inhibit Signal

/:%(//!/%“ f/"‘"(

Date

o 14

Test Engr.

\////

(’f_/ A

\\ \‘ ,k& l‘ (
Witness ( ¢viov 7_

Reamnt.
1610 %5 NC
As Measured
As Measured

3.0 £1.0 MC

Equal to 3.1 within 0.5 MC .

As Measured

As Measured

Shall not exceed 8.0 db

14400 %2 couats

From 0.8 to 1.1 us.

Less than 0.1 mus. (10% to 90%)

Less than 0.5 ps. (90%

5 XKW Min.

212.3366L x 106
*212 counts
/o5ec e
-1C0-—2-.counts

‘Ascending at
50 to 175 KM
175 to LOO KM

Descending at
LOO to 175 KM
175 to 50 XM

2411.63 %0.2034 us.
1459.18 +0.2034 us.
386.17 +0.2034 us.

—_—

Ncasuzgd

LEDZL 5~
Jelog
/b08.5
2./
Létz8s
72
[ 4Y
[4400.O
L2357
S, SK W
2/233¢57

/8¢

to 10%)

P4

/

CZ_

244 . ¢0
43710
BELL 20

5. ¢
.
L Spp

/%<7 Date Sheet

Sheet 1 of 3

SO >




RYAN ELECTRONICS
REPORT NO. 52065-1B

} . 3.10 (b) Elapsed Time Word 5 10.5VDC IND.| ON | OFF IND‘ ON lorF
|

Par. Test Reqmnt. Measured &
Indicator ON 0 7. 7.2 |27 . 71,23
0 0.5 VDC 2l 4.7l z 127z, 24
Indicators OFF 2 |z | |27 |7 28
25 l/’“7 ’ . _,j‘L frf". 7 . Z/:.
P =} 543
2" 4. 1251270 F.7],2
20 4., z5727 L 22
26 /;/ 7 , /22_‘_2/}?’ 4‘/ , 24
2l V4. 7| . 20|
2B A7 2%
(c) Altitude Word 5 0.5 VDC .| on | oFF
Indicetor ON 20 ‘4/,”, 71474 T
0 +0.5 VDC el |~ .| se1
2 — L
Indicator OFF 27 42T .28
23 A 21 1 /57
NOTE: Indicators 2° through 2“ may ot 4? e
‘ 2? -;’ 2 />
Jitter too much for an accurate - Ll
2 Se2=| #4 2
voltage measurement. For these o s
check that the voltaege 1s present 28 3735 / =+
29 Laysl 72
or absent. R e o /D £72
2 |47 ./53
211 Sy r 3

215 g7l -
L A
216 |2 o<l | /7

G790 172

Data Sheet
Sheet 2 of 3
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RYAN ELECTRONICS

REPORT NO. 52065-1B

Par. Test Regmnt . Measured o

o

3.10 (d) Power Supply 1.25 $0.25 VIC 3/ 6
No Ground Effect '

(e) Filter Output  Varying Voltage
AT OH 5.0 VIO NAA F /578 1z 3,59

No Ground Effeét QK
(£) Ace Approx. =0.6 to 0.0 VDC ~ 4. 56 —,083

No Ground Effect a & .
(g) Reliability Track 4.5 *0.5 VDC f 507}
Search 0 0.2 VDC 1 /2

No Ground Effect

(h) Transmit Sig.  H.V. ON -0.1 $0.02 VIC — /06

H.V. OFF 0 +0.02 VIC O. 045
No Ground Effect O
3.11 Power Consumption Oven OFF-less then 65 W. b4 54—

Oven ON-less than 80 W. 77 .04

G212 T TTER  STABILITY = fbffns) Ter ()

Vs wre FREG A FREQR  (MAX =/ e,
%s /o7 S L/
)z JLo 7 F s
/¢ 25T
3
Data Sheet
Sheet 3 of 3
34
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Test &~ /AL ACLELTANCE

RYAN ELECTRONICS
REPORT NO., 52065-1B

@ vt _S9050R ATinicTER

Serial No.
Par,
3.1

3.2 (4) (e)

) (a)

(5) (v)

(e)

3.3 (3) ()

(8)

(n)
3.4
3.5

o

3.6
3.7
3.8
3.9
3.10

Jwe/ve

Test
Trans. Freq.
High Freq.
Low Freq.
Bandpass
Center Freq.
Noise Ind.
Cable Loss
Noise Figure
PRF

Pulse Width
Rise Time
Decay Time
Trans. Power

Clock Freq.

Clock Freq.

Vert. Velocity

Overall System

Accuracy

Inhibit Signal

)

ArTER2 ML Date [S AJg &4

Test Engr. ) .ELLELTSON

2 AJ vePS
Witness{n) é‘:r#‘LB “e
e eé?
Regmnt. k&') Measured
1610 £5 MC 613 Mc{S

As Measured

16 13. MC,}‘.'D

3.L wmc|s

Equal to 3.1 within 0.5 M¢ . JG || .B W\c(,S

8.8 &b

As Measured

3.0 +1.0 MC

As Measured

As Measured O.12adb
Shall not exceed 8.0 db 8.08db
14400 2 counts |4 400

From 0.8 to 1.1 us. OEE6 tSecr.

Less than 0.1 us. (10% to 90%) < L Msec
Less than 0.5 us. (90% to 10%) _ 235 +Sec

5 KW Min. SO KW
212.33664 x 106 2/2.334 ¢/
212 counts
/520 covn¥s '_f_?

/fac?_ CDL47 7:5'
-‘Ascending at
50 to 175 KM SOrD (75 Kerd
175 to LOO KM /7S Yo /60L& M
Descending at =
40O to 175 KM Lov o | 25KM
175 to 50 KM /75 te _Soc M
.2411.63 20.203k us. 241, 6 4 S
1459.18 *0.2034 us. I4ST T 40 S
386.17 +0.203h us. 358 f S
5 +0.5 VDC 43/ K VDC
0 0.5 VDC -

‘% Z\ Vo
Data Sheet
Sheet 1 of 3

2 13-D



RYAN ELECTRONICS

REPORT NO. 52065-1B '
Par. Test Regmnt, Measured ,
‘ 3.0 (b) Elapsed Time Word 5 +0.5VDC IND. | ON | OFF OU'(OF (
Indicator ON 20 |yg bz 127 ¢glaz
0 £0.5 VDC 2l lyypslo 2 |2/°48 bz
Indicators OFF 2 |yf lo.2 |z Y48 oz
23 g lozlz° £8)ar
2 | fcloze |27 2502
25 L Flpz512 48 v2s
22 Lt lp 20| 72802
2l |4/ §pzo -
28 A48 0. 20
(e) Altitude Word 5 10.5 VDC IND.| ON | OFF
Indicator ON 20 |54 p. y,
0 £0.5 VDC 2l |5¢ o/
Indicator OFF 2¢ PRAV N
23 | sy lo.t
NOTE: Indicators 2° through ot may 2" 5510,
‘ Jitter too much for an accurate 22 $ ,f 0./
2 2.5 1O/
voltage measurement. For these o7 5/ 4{'{'0, 5|
check that the voltage 1s present 25 15,4570, 157
or absent. 29 s. 4 Q/
CONTRACTUA ¢ 20 15 4. /)
ADDIT 101 ! Aceurs 708 TImE  wiie Re ol 1541 0./
/8 SECONDS R 4o =S T 22 |5 vlo./
THE  Foclowrd, 7es 7 23 |5m 4] 0./
C’c/%bf?'—/zm/f D = TR 22 | s oo
Stgnac sweuT FERTICRE Ve - 212 SE2- !
Cc 7 .,?k/v.j/.sc“c 217 s o
: SN e,y
EESCe7T S = 2/ SEcenwsd S
DA v.E» By E/LL CA SE/ NASH é,b¢é gﬁ::tsgegz 3
® /e_’ffp “Fox 4 TIMIETERL
SECT o, oF <4 ro2.) .
ARALso. A7 CONTRAcT LRgp /oﬁﬁ‘icéﬁo
p:}(? T A E ) 33 ‘g -—

e~ ., _ . ~ -
/5 Mgé.cz LS FOST 9.5




RYAN ELECTRONICS (::)
REPORT NO. 52065-1B

Par. Test Regmnt . Measured
3.10 (d) Power Supply 1.25 +£0.25 VDC A [ 32 g VOoC
No Ground Effect === o L
(e) Filter Output Varying Voltage
fram 0.5 to 5.0 VDC i',:??/"r’od‘//?oz
No Ground Effect =T o/ &
(£) AcC Approx. -0.6 t0 0.0 VDC — 0,579 70 & 050
No Ground Effeé L+ Lo E weo
(g) Reliability Track 4.5 $0.5 VIC 1Y, 7/7
Search 0 0.2 VDC 0,./77
No Ground Effect Ao/ E
(b) Tranemit Sig.  H.V. ON -0.1 $0.02 Vi  — &, OF/
H.V. OFF 0 £0.02 VIC 0.0/7
No Ground Effect AoV &E
3.11 Pover Consumption Oven OFF-less than 65 W. &3,5s9u

Oven ON-less than 80 W. 'Z 7.:/é 3w

SySTEM CALIBEA Fon)
o
C?/%diﬁég' LOSS ¢s

FENALC GENERARTOR . 70 DuelrmevV Crir O, 70 b
X/t/ 7":6 70 /7 v/ 2, 72 t/é
(o0rPLrng LOSS 2., /O b

&I Vi

ATTENLAIT O pidogs] aopiit 757-2
SK 729

SrsExTion) AOSS
DIA L DIRECTIoN LR, NALDA 3022 /2 db

St rety
Data Sheet
Sheet 3 of 3
STSTE CCUS TN 7 S - ,5%;?h;2£§7 a
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, KE FeRen/ce Irom s, r 04, /@ |

\

Jsivg HEWDLET] Ak ILLD L&~ STRETE 17/ ER
7O  ACHIELe A PHASE Srerlr7  FLors &E° 4e

= /50° ) Pros A DovESLe STUL TR ERL

oS e 2 TO aoLTAN A /IS L TCEA / Vs )
oF /5, 2 83 o /., Fhe befoww
TASLE S THE LESJeT S, S P& KEQ 1 78
ARE <S0.5 s C/S FREQD 5‘/-//:5'7 cZ//.’/'ﬂ/

THE " pPBoVE TS

¢ ST KS e AEAD FrE

o ° S PS JC1 T e

> /80° )5 VL4 / Af-o
o ° VAY \ - Jb) S ’r

—~ /§0° (1S Af "/”’6/5/6//' & #
0° 2.0 _ 65 %

> /&50° Dol L ’%”"%"/é//,? Z
o° 3.0 /6.3 /!

>/ 50° 3,0 Af:,é,m/s/é//,o er
S0° 3.0 Jb /) 6 z

IS

all /‘fdﬂ///;&J are spec L“Srng  a
+ .5 /uc/s %/ewmce

6+ B
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RYAN ELECTRONICS
REPORT NO. 52065-1B

Test //}ﬂ/jg%ﬂ’//'y. Date /O/V/L '\§_—’ /%7"
2 _ 7 S/
‘ Eqpt.%/ A////,,/,//, 2% S20 Test Engr 'Li%/) (}3 %'éb
Serial No. ‘& Witness C/{A‘{,&\ fff)
>\
Par, Test Regmnt. Measured
/& 0.0
3.1 Trans. Freq. 1610 +5 MC ,'?i,{::;f
3.2 (&) (e) High Freq. As Measured 2
(a) Low Freq. As Measured iy de,
(5) (v) Bandpass 3.0 1.0 MC 2.5
(e) Center Freq. Equal to 3.1 within 0.5 MC . /l /0. 25"
3.3 (3) (£) Noise Ind. As Measured 35
(g) Cable Loss As Measured v T
(h) Noise Figure Shall not exceed 8.0 db S_/ 4 9
3.4 PRF 14400 +2 counts | F IO
. 3.5 Pulse Width From 0.8 to 1.1 pus. « 5 &
Rise Time Less than 0.1 ms. (10% to 90%) s SO
Decay Time Less than 0.5 us. (90% to 10%) T
3.6 Trans. Power 5 KW Min. L 5.g Ful
3.7 Clock Freq. 212.33664 x 106 RL233C5S
+212 counts
/ffmiJ .
Clock Freq. ~100- £2 counts /00
3.8 Vert. Velocity ‘Ascending at .
50 to 175 KM _C__TL
175 to LOoO KM E
Descending at
LoO to 175 KM
175 to 50 KM
3.9 Overall System .2411.63 +0.2034 us.
Accuracy 1459.18 *0.203k4 us.
386.17 +0.2034 us.
.10 Inhibit Signal 5 £0.5 VDC
‘3 0 0.5 VIC
. (\ ,'c
ﬂ/szz//f/ frose TS
Data Sheet
Sheet 1 of 3 ,9-B
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RYAN ELECTRONICS

REPORT NO. 52065-1B @

Par. Test Reamnt. Measured
3,10 (b) Elapsed Time Word 5 +0.5VDC IND. | ON | OFF |gwo! ot |ovs
Indicetor ON 20 g6 22T 4] 2,
0 0.5 VDC 2 Vg5 512 stz
. z = T ,
Indicators OFF 2 2.5 )¢ ,_I’; 2.75]- 2¢|
L ey
2 4y p5p?| 9042
25 2. 9] e {p714 74, 22
20 | s ¢, 2 | |4 2/
2l ¢ .9], v
2, |g4.24, 24
(¢) Altitude Word 5 $0.5 VDC IND. | ON | OFF
Indicator ON 20 | 3231 . /0
0 0.5 VDC 2l | 5,3]. /¢
Indicator OFF 2° | 424 /0
23 |73 . /¢
NOTE: Indicators 2° through ot may g 5.3 )6
e
Jitter too much for an accurate {22 7 Oﬂ
2 53| 62
voltage measurement. For these o7 ool Lo =
check that the voltage 1is present 28 4.3 S
29 /‘: W4 .("-
or absent. 03] 0 )’_
210 s 3| T
211 \")T 2 ’ /C;
ole | STz 0
213 ‘.{I -:6 //C)
21& ,5'-,‘ 5 ; /O
~18 PO o~
I R Y A
216 ét _3 ‘ 0 ""
2T | . -
53 25
Data Sheet
Sheet 2 of 3
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RYAN

ELECTRONICS

REPCRT XO. 52065-1B

Par. Test
3.10 (@) Power Supply

(e) Filter Output

(£f) AGC

(g) Reliability

(h) Transmit Sig.

3.11 Power Consumption

Regmnt.

1.25 +0.25 VIC

No Ground Effect
Varying Voltage

frem 0.5 to 5.0 VIC

No Ground Effect
Approx. -0.6 to 0.0 VDC
No Ground Effect

Track 4.5 0.5 VIC
Search 0 +0.2 VIC

No Ground Effect

H.v. ON -0.1 +0.02 VDC
H.V. OFF 0 0.02 VIC

No Ground Effect

Oven OFF-less than 65 W.

Oven ON-less than 80 W.

/Z'//ﬁsz/zw’i;;Z 55?7‘5?'45//4;7t;5/

[/5 [L’ﬂ }2 ,[/7/'{'(6'
715701 ]l 0.0
52 ' jL /Q;/QD‘ @

3 / J6 07 5

ye

O

¢ 2~

34

Measured
/. 2%" 7
@ |

2G4 32
ﬂ?%?ﬂ
-—'__'5——/ '()‘/; Z: a

|

.O70

3

S
Nk N
< 0/9
A~/
/. 2. 0/
7 5.6

C/nsle A x )

Data Sheet
Sheet 3 of 3
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